Introduction
Marine biotic migration patterns and shifts in foraminiferal d
18 O on a global scale indicate several short-term periods of climatic cooling and warming in the Maastrichtian that occurred superimposed on the long-term Late Cretaceous cooling (e.g. Barrera and Huber 1990 , Li and Keller 1998a , Barrera and Savin, 1999 , Friedrich et al., 2009 , Thibault and Gardin 2010 . Prominent high-amplitude sea-level falls, recorded between 78e76, 71e70 and 67e66 Ma from coastal and platform sediments in both hemispheres, argue for a highly variable environmental system globally (Crampton et al., 2006; Simmons et al., 2007) .
However, a reliable correlation of climatic events and the sedimentary record of sea-level change is still a matter of debate. Recent advances have been achieved by the application of carbonisotope stratigraphy, which is emerging as a powerful tool in global correlation. A global Maastrichtian carbon-isotope correlation was developed based on numerous high-resolution d 13 C records from sites in Boreal and Tethyan shelf seas, as well as the open ocean (Thibault et al., 2012a,b; Voigt et al., 2012) . This correlation allows for the identification of prominent long-term events in the Maastrichtian, namely the CampanianeMaastrichtian Boundary Event (CMBE), the mid-Maastrichtian Event (MME), and the CretaceousPalaeogene transition (KPgE). In addition, some of the d 13 C records show significant superimposed high-frequency variations which are thought to be controlled by orbitally forced climate change . The integration of stratigraphic data allows for consideration of the temporal relation between changes in sea level and the global carbon cycle.
The climatic evolution of the Late Cretaceous led to increased bio-provinciality of planktonic microfossil assemblages into distinct Tethyan, Intermediate, Boreal and Austral provinces that persisted to the end of the Maastrichtian (Shafik, 1990; Huber, 1992; Huber and Watkins, 1992; Burnett, 1998; Lees, 2002; Thibault et al., 2012a,b) . Many authors noted the absence of key markers or variations in the range of these species at different palaeolatitudes, and this led to several different planktonic foraminiferal and nannofossil zonal schemes.
In northern Egypt, a huge submerged carbonate platform developed, formed by the calcareous hemipelagic facies of the CampanianeMaastrichtian Sudr Formation with its abundant and diverse planktonic microfossil assemblage. In Sinai, the Sudr Formation was deposited in an open marine environment at outer neritic to bathyal depths (300e500 m) as indicated by the benthic foraminifera (see also Luger, l988; Speijer and Van der Zwaan, 1996) . The present study is the first comprehensive investigation of a new d 13 C record of bulk carbonates from southern part of the Tethyan Province calibrated with planktonic foraminiferal biostratigraphy and sequence stratigraphy of the Maastrichtian Sudr Formation in the Gebel Matulla section. Data collected from this study allows for detailed correlation with the d13C record from deep ocean successions such as the Tercis les Bains Maastrichtian GSSP and Gubbio sections, and ODP Hole 1210B in the western Pacific  Fig. 1 ).
Geological setting
Sinai is located between the African and Arabian plates, separated by the Gulf of Suez and Gulf of Aqaba-Dead Sea rift system (Fig. 2) . The sedimentary succession along the eastern side of the Gulf of Suez is subdivided into three main sequences representing the (1) Proterozoic to Eocene pre-rift; (2) OligoceneeMiocene synrift; and (3) Quaternary post-rift stages (Fig. 2) . The Matulla section is exposed along a range of almost northesouth orientated hills which are located 3 km southwest of the city of Abu Zenaima, westcentral Sinai (29 01 0 02 00 N, 33 12 0 45 00 E; Fig. 2 ). The highest crest point is 421 m above sea level. The sedimentary succession comprises six formations of shallow platform sediments, namely the Matulla (ConiacianeSantonian), Sudr (Maastrichtian), Dakhla (DanianeSelandian), Tarawan (Thanetian), Esna (ThanetianeYpresian) and Thebes (Ypresian) formations (Figs. 2 and 3) .
The CampanianeMaastrichtian Sudr Formation (Ghorab, 1961 ) is widely distributed in Sinai with an average thickness of about 100e150 m. It unconformably overlies the ConiacianeSantonian 170 m-thick Matulla Formation which consists of a lower sandstone unit and an upper shale unit with intercalated carbonate beds separating the overlying transgressive carbonate facies of the Sudr Formation by a sharp contact that is easily recognized in the field. The Sudr Formation in Egypt starts with the Globotruncanita elevata Zone of early Campanian age . In the present study at Gebel Matulla, the whole Campanian falls within an hiatus in the Matulla section. This discontinuity reflects structural activity of the Gebel Matulla that began in the latest Santonian and ended in the late Campanian (Fig. 4) .
The late Santonian tectonic event corresponds to the first general compressional episode registered by the AfricaneArabian plate during the Alpine Cycle, which resulted in major changes in the topography of North and Central Africa, with the development of narrow fold-induced relief and the uplift of large areas (Guiraud and Bosworth, 1999; Guiraud et al., 2005) .
The Sudr Formation comprises an hemipelagic facies of chalky limestone and limestones, and represents a period of elevated rates of carbonate sedimentation across northern Egypt. Deep middle to outer shelf foraminiferal wacke/packstone forms the greater part of the formation. It yields an abundant and diverse fauna of planktonic and benthic foraminifera, indicating a period of transgression, while diagenetically-cemented, calcareous mudstones of the inner shelf with ferruginous coatings and decreased foraminiferal diversity reflect regressive periods. The Sudr Formation is conformably overlain by the Dakhla Formation, which consists of 12 m of grey marls with interbedded shales and is of latest Maastrichtiane Paleocene age in the Matulla section (Fig. 3) . The basal part of the Dakhla Formation of latest Maastrichtian age may change laterally into carbonate in other parts of Sinai, marked by a sharp erosive contact between the Sudr and Dakhla formations towards the north.
Material and methods
A total of 325 samples were collected from the Sudr Formation at intervals of 20e40 cm. The study interval is marked by a high diversity and abundance of generally well preserved planktonic foraminifera of a Tethyan low-latitude assemblage. For foraminiferal analyses, about 200 g of dry rock sample were soaked in 10% hydrogen peroxide, disaggregated in water, washed through a 63 mm sieve, and then dried. For this qualitative study, all residues were investigated under an Olympus SZX7 binocular microscope at a maximum magnification of x90. A total of 75 planktonic foraminiferal species were identified in Maastrichtian sediments at the Matulla section. The most important foraminifera are illustrated in Figs. 5 and 6 using scanning electron microscopy of the Geological Survey of Egypt.
For stable isotope analyses, bulk-carbonate samples were dried, micro-drilled and weighed. Carbon isotope measurements were performed in the stable isotope laboratory (Goethe-University Frankfurt) by reaction with purified phosphoric acid (H 3 PO 4 ) at a reaction temperature of 72 C using a Finnigan MAT 253 with Gasbench. All isotope values are reported in & relative to the Vienna Peedee belemnite standard (V-PDB). The analytical precision of repeated standard measurements is better than 0.06 and 0.08& for carbon and oxygen respectively.
Biostratigraphy
The standard zonation and estimated ages of Li et al. (1999) is used with some modification based on the highest and lowest occurrence, (HO, LO) of the marker species. The following planktonic foraminiferal zones can be identified in the Matulla section (Figs. 7, 8 and 9) .
Rugoglobigerina hexacamerata Zone (CF8b)
Definition: Interval zone from the LO of Rugoglobigerina hexacamerata Brönnimann to the LO of Gansserina gansseri (Bolli). Author: Li et al. (1999) . Estimated age: earliest Maastrichtian (71.0e70.39 Ma; Li et al., 1999) . Thickness: 25.8 m (samples 11 to 85); equivalent to the lowermost part of the Sudr Formation in Gebel Matulla which overlies the upper Santonian Matulla Formation (Fig. 7) . Assemblage: The dominant planktonic foraminiferal species recorded in this zone include Globotruncana ventricosa White, G. arca (Cushman), G. aegyptiaca Nakkady, G. orientalis El-Naggar, G. duwi (Nakkady), G. bulloides Vogler, G. linneiana (d'Orbigny), Globotruncanita stuartiformis (Dalbiez), G. stuarti (de Lapparent), Contusotruncana fornicata (Plummer), Rugoglobigerina rugosa (Plummer), R. macrocephala Brönnimann, Heterohelix globulosa (Ehrenberg), H. navaroensis Loeblich, H. reussi (Cushman) and H. striata (Ehrenberg) (Fig. 7) . Remarks: Faris and Abu Shama (2006) defined the late Campanianeearly Maastrichtian Tranolithus phacelosus CC23 nannofossil Zone at the base of the Sudr Formation in the Matulla section. They also stated that the CampanianeMaastrichtian stage boundary occurs between the subzones CC 23a and CC 23b at the HO of Aspidolithus parcus constrictus [i.e. Broinsonia parca constricta] without a break in the nannofossil assemblages in the Abu Zenima area. In the present study, the author considers this part is equivalent to the planktonic foraminiferal Rugoglobigerina hexacamerata Zone (CF8b) of earliest Maastrichtian age (Figs. 8 and 9). The HOs of Broinsonia parca constricta were recorded at the base of Chron C31r in the Tercis les Bains GSSP (France) and Gubbio (Italy) sections and in the Indian Ocean (Gardin et al., 2012; Thibault et al., 2012a,b) .
Gansserina gansseri Zone (CF7)
Definition: Interval from the LO of Gansserina gansseri to the LO of Racemiguembelina powelli (Smith and Pessagno). Author: Brönnimann (1952) Estimated age: early Maastrichtian (70.4e69.6 Ma; Li et al., 1999) . Thickness: 23.1 m (samples 86 to159) in the lower part of the Sudr Formation at Gebel Matulla (Fig. 7) . Assemblage: Foraminifera are abundant with moderate to good preservation. The assemblage of this interval is similar to that of the underlying CF8b Zone, with the addition of the nominate taxon, and Pseudoguembelina palpebra Brönnimann and Brown (Fig. 7) .
Remarks: Globally the LO of Gansserina gansseri is not a reliable bioevent due to variations in the position of the LO of Gansserina gansseri at different palaeolatitudes (Fig. 10) . In the Tercis les Bains GSSP, Gubbio and Indian Ocean ODP sites 762 and 763, the LO is reported from the uppermost Campanian (e.g. Premoli- Sliter 1995, Robaszynski and Caron, 1995; Robaszynski et al., 2000; Odin, 2001; Osman, 2003; Gardin et al., 2012) . In low- latitude successions such as in Tunisia, Jordan and Egypt, this event is relatively high and the index-species is found in the middle part of the lower Maastrichtian, (Abed and Ashour, 1987; Li et al., 1999 and 2000; Samir, 2002; Ayyad et al., 2003; Hewaidy et al., 2006; El-Azabi and Farouk, 2011) .
Racemiguembelina powelli Zone (CF6)
Definition: Partial range zone from the LO of Contusotruncana contusa to the HO of Globotruncana linneiana (d'Orbigny).
Author: Defined herein. Estimated age: early Maastrichtian (69.6e69.1 Ma; Li et al., 1999) . Thickness: 2.7 m (samples 159 to 169) in the middle part of the Sudr Formation at Gebel Matulla (Fig. 7) . Assemblage: Planktonic foraminifera are frequent and well preserved. The assemblage of this interval is similar to that of the underlying CF5 Zone. In addition to the LO of Racemiguembelina powelli, Contusotruncana contusa (Cushman), Planoglobulina carseyae (Plummer) and P. glabrata (Cushman) are recorded from this zone (Fig. 7) . Remarks: This proposed zone is equivalent to the Contusotruncana contusa Zone, which was emended by Li and Keller (1998a,b) . However, Contusotruncana contusa is a rare species and its LO is strongly diachronous. Thus, it is located slightly above the base of the Maastrichtian in the Tercis Les Basins GSSP section (Odin, 2001 ) but significantly higher in the Gubbio area, in DSDP Hole 525B in the southern Atlantic Ocean (Premoli Silva and Sliter, 1995; Gardin et al., 2012; Fig. 10), in Spain (Pérez-Rodríguez et al., 2012) , Tunisia and Egypt (Li et al., 2000; Samir, 2002) . Because of these problems in using Contusotruncana contusa, the LO of Racemiguembelina powelli is used as an alternative bio-event in the present study.
Pseudotextularia intermedia Zone (CF5)
Definition: Partial range zone from the HO of Globotruncana linneiana to the LO of Racemiguembelina fructicosa (Egger). Author: Introduced by Nederbragt (1990) and modified by Li and Keller (1998) . Estimated age: early Maastrichtian (69.1e68.3 Ma; Li et al., 1999) . Thickness: 35.2 m (samples 170 to 283) in the middle part of the Sudr Formation at Gebel Matulla (Fig. 7) . Assemblage: Planktonic foraminifera are frequent and moderately preserved. The assemblage of this interval is similar to that of the underlying CF4 Zone, except for the absence of Globotruncana linneiana (Fig. 7) . The LO of Rugoglobigerina scotti (Brönnimann) and Guembelitria cretacea Cushman occur in the higher parts of this zone (Fig. 7) . Remarks: This zone is approximately equivalent to the upper part of the Gansserina gansseri Zone of Caron (1985;  Fig. 7) .
Abathomphalus mayaroensis Zone (CF3-CF2)
Definition: Interval range zone from the LO of Abathomphalus mayaroensis to the LO of Plummerita hantkeninoides Brönnimann. Author: The zone was introduced by Nederbragt (1990) and modified by Li and Keller (1998a) . Estimated age: late Maastrichtian (66.8e65.3 Ma; Li et al., 1999) . Thickness: 4.7 m (samples 284 to 297) in the upper part of the Sudr Formation at Gebel Matulla. Assemblage: Toward the late Maastrichtian, globotruncanids decreased and high abundances of biserial heterohelicids, pseudoguembelinids and triserial rugoglobigerinids are recorded (Fig. 7) . The most characteristic assemblage recorded in this zone includes Abathomphalus mayaroensis, Pseudoguembelina hariaensis, Rugoglobigerina scotti, Racemiguembelina fructicosa, Heterohelix globulosa, H. navaroensis, H. reussi, H. striata and Pseudotextularia elegans (Fig. 7) . Remarks: The rarity of Pseudoguembelina hariaensis and Racemiguembelina fructicosa, which was also observed at the type locality of this zone in Tunisia (Nederbragt, 1990; Keller, 1998a,b, Abramovich and Keller, 2002) , makes correlation complex.. Therefore, lumping of the Racemiguembelina fructicosa (CF4) Pseudoguembelina hariaensis (CF3) and Pseudoguembelina palpebra (CF2) zones within the Abathomphalus mayaroensis Zone (CF4-CF2) may be more appropriate (Li et al., 1999) . The use of the Abathomphalus mayaroensis Zone (CF4eCF2) for the late Maastrichtian below CF1 is more useful because of the rarity of P. hariaensis and Racemiguembelina fructicosa, which was also observed at the type locality of this zone in Tunisia (Nederbragt, 1990; Keller, 1998b, Abramovich and Keller, 2002) . The earlyelate Maastrichtian boundary is placed at the LO of Racemiguembelina fructicosa at 68.3 Ma (Li Fig. 8 . Scheme of biozonation with planktonic foraminifera using the studies of Caron (1985) , Li et al. (1999) and results of this study. et al.,1999) . In the present study, the LO of R. fructicosa coincides with the LO of Abathomphalus mayaroensis Bolli and Pseudoguembelina hariaensis Nederbragt, and may denote the absence of Zone CF4 (Figs. 7 and 8 ).
Plummerita hantkeninoides Zone (CF1)
Definition: This zone is defined by the total range of the nominate species. Author: It was first defined from Egypt by Masters (1984) . Thickness: Zone CF1 spans 1.5 m (samples 298 to 310) in the lowermost part of the Dakhla Formation. Estimated age: latest Maastrichtian (65.3e65.0 Ma; Li et al., 1999) . Assemblage: The assemblage of this interval is similar to that of the underlying CF2 Zone with the addition of Rugoglobigerina reicheli (see Fig. 7 for the complete assemblage).
Remarks: This zone is approximately equivalent to the uppermost part of the Abathomphalus mayaroensis Zone of Caron (1985) and to the entire Plummerita reicheli Zone of Robaszynski et al. (2000) , and represents the youngest Maastrichtian planktonic foraminiferal zone. The assemblage of this zone is similar to that of the underlying CF2 Zone with the addition of Rugoglobigerina reicheli Brön-nimann (see Fig. 3 for the complete assemblage). Plummerita hantkeninoides is a warm-water species that appeared during the last 300 kyr of the Maastrichtian, close to the magnetochron boundary 30n/29r as estimated from the palaeomagnetic record at Agost, Spain (Pardo et al., 1996) . Variable patterns in the thickness of Zone CF1 from 1.8 m to 8 m are associated with reworking of Maastrichtian foraminifera into lower Danian sediments around the K/Pg boundary. This reworking at the K/Pg boundary was observed in many parts of the world (Hendriks et al., 1987; Abramovich et al., 1998; Abramovich and Keller, 2002; Luciani, 2002; Keller, 2002; Farouk and Faris, 2008; Faris and Farouk, 2012) . 
d 13 C and Global correlation
The carbon-isotope record of the Matulla section shows pronounced variability on long-and short-term time scales, with values ranging from 0.02& to þ2.18& (Fig. 9) . The Matulla curve starts with small-scale positive excursions correlated with the base of Chron C31r of earliest Maastrichtian age, with values around 0.02& to 0.99& in the interval from 0.5 to 6.5 m (bundles 1 to 2; Fig. 9 ) related to the terminal CampanianeMaastrichtian Boundary Event (CMBE). This event is well known from stable isotope datasets from Tethys, deep sea and boreal chalk successions and is represented by a prominent negative carbon-isotope excursion that lasted around 2.5 Ma (Jarvis et al., 2002; Voigt et al., 2010; Jung et al., 2012; Voigt et al., 2012; Thibault et al., 2012a,b) , with five small-scale positive excursions that encompass mid-Chron C32n2n to mid-Chron C31r (CMBE1-CMBE5; Voigt et al., 2012; Fig. 10) . The termination of the CMBE, equivalent to CMBE5, falls into the gap identified in the Matulla section (Figs 9 and 10) . The inferred hiatus correlates with the second hiatus dated between 69.9 and 69.0 Ma, in ODP Hole 1210B, recorded by Jung et al. (2012) .
Correlation with the results from the Tercis les Bains GSSP and Gubbio sections suggests that the only part of the CMBE preserved is equivalent to CMBE4. The lowest occurrence of Rugoglobigerina hexacamerata was also identified in the lower parts of the Sudr Formation. The LO Rugoglobigerina hexacamerata event, as proposed by Li et al. (1999 Li et al. ( , 2000 , defines the base of the Maastrichtian in the Tethyan Province. In the Gubbio, Contessa Highway and Bottaccione sections, as well as in the Tercis GSSP section, this event falls in the lower portion of Chronozone C31r Gardin et al., 2012) . Therefore, it can be considered a reliable bioevent for the base of the Maastrichtian, since the zonal marker is easily and clearly recognizable and shows a sharp increase in abundance (Fig. 10) .
The LO of Rugoglobigerina scotti (Brönnimann) is a primary stratigraphic datum marking the CampanianeMaastrichtian boundary in the Tercis GSSP section, but it is not applicable to the Matulla section because its LO is reported too high in the section, within Zone CF5 (Fig. 10) .
Above the CMBE, the Matulla d 13 C curve is characterized by negative values in the interval from 8.6 to 40.8 m (À0.35& to 1.03& in superbundle 2, Fig. 9) . Positive values start from the middle part of Zone CF7 and continue into the top part of Zone CF5, in the interval from 41 to 91 m, ranging from1.7& to a maximum 2.18& (bundles 8 to 16) and relate to a positive excursion within the midMaastrichtian Event (MME). The MME comprises a lower and an upper maximum, with a negative inflection in between at Hemmoor (Germany), Stevns-1 well (Danish Basin), Gubbio and Site 1210B (MME Peaks 1e3; Fig. 9 , Voigt et al., 2012) . The Matulla curve includes the lower maximum peak and lower negative inflection, while the termination of the MME falls into the identified hiatus at the Lower/Upper Maastrichtian contact, which supports the absence of the CF4 Zone (Figs. 9 and 10 ).
The interval above the MME and the identified gap is characterized by another short-term maximum, with values ranging from 1.28& to 1.79& (bundle 17). This part is followed by a longterm lower d 13 C minimum with values ranging from 1.79& to 1.28& (bundles 18 to 19), which starts in the middle of Zone CF2 and ends at the K/Pg boundary (Figs. 9 and 10 ). In the Matulla curve, the K/Pg boundary falls within another hiatus and only the lower d 13 C minimum of KPg-1 is preserved where the CF1 and P0 zones are missing (Figs. 9 and 10) . A similar hiatus was recorded from ODP Hole 1210B Voigt et al., 2012) . In the interval from 96.1 to 97 m above the K/Pg boundary (Zone Pa), a typical negative excursion in the carbon isotope record is expressed in Gebel Matulla by a progressive decrease from 1.46& to a minimum 0.38&. Similar trends were recorded above 12.8 m of the K/Pg boundary in the Stevns-1 well, Danish Basin (Thibault et al., 2012a) .
Long-term depositional sequences
Within the w100 m-thick intervals studied, portions of three longer-term transgressive-regressive depositional sequences were recognized in Sequences A, B and C (Fig. 9) . Cyclical changes of foraminiferal assemblages (e.g. type, diversity/ abundance, and planktonic/benthic ratio) can be useful tools to detect transgressive-regressive trends, especially in the monotonous hemipelagic facies which is characterized by lacking physical boundaries and lithofacies changes.
Sequence A
Sequence A falls within the Rugoglobigerina hexacamerata planktonic foraminiferal Zone. It is bounded at the base by the Santonian/Maastrichtian sequence boundary (SB1) that unconformably separates the Matulla and Sudr formations, where the Campanian sediments are missing in the Gebel Matulla section, reflecting structural uplift which began in the latest Santonian and ended in the late Campanian (Guiraud and Bosworth, 1999; Guiraud et al., 2005; Figs. 3 & 4) . SB1, across the Matulla and Sudr formational boundary, has been recorded by various authors in Sinai (e.g. Lüning et al., 1998; El-Sheikh, 1999; Obaidalla and Kassab, 2002; El-Azabi and El-Araby, 2007; , based on obvious facies and palaeontological changes. The underlying uppermost portion of the Matulla Formation is barren of foraminifera and most likely denotes the effect of the major fall in eustatic sea level that characterized the end of the Santonian (Haq et al., 1987; Hardenbol et al., 1998) . However, this boundary is easily recognized in the field by the sharp contact of the mixed siliciclastic/carbonate Matulla Formation and the overlying transgressive carbonate facies of the Sudr Formation (Figs. 3 and 4) . The basal part of sequence A is interpreted as a retrogradational parasequence (bundle 1) characterized by stacked foraminiferal carbonates, marking a rise in relative sea level that resulted in the deposition of middle neritic hemipelagic chalk (Fig. 9) . These hemipelagic facies are characterized by variable abundances of foraminifera; the open marine conditions probably resulted in a low sedimentation rate. Benthic foraminiferal assemblage (F) of a Midway-Fauna Type (Berggren and Aubert, 1975) indicates a transgressive system tract. A few agglutinated genera (4e6%), represented by Spiroplectammina and Gaudryina, reflect deposition above the carbonate compensation depth in an environment that was rich in calcium carbonate, well oxygenated and of normal salinity (Table 1 ). This was followed by a regressive cycle which was characterized by large amounts of beach sand and iron-rich clasts with decreased percentages of planktonic foraminifera (53.7e20.2) and a low percentage of deep-water keeled planktonic morphotypes. This regressive cycle shows a corresponding increase in rugoglobigerinids and Heterohelicidae, with a Cibicidesdominated benthic assemblage, denoted by a highstand systems tract comprising a shallow, inner-neritic carbonate mudstone parasequence (bundle 2). The top of depositional sequence A is characterized by another sequence boundary (SB2), marked by the absence of the terminal CampanianeMaastrichtian Boundary Event (CMBE). This event is known from stable isotope datasets around the world and is coincident with a major global cooling event and eustatic sea-level fall which occurred at 71 Ma (Haq et al., 1987; Hardenbol et al., 1998; Li and Keller, 1998a) .
Sequence B
This depositional sequence comprises most of the Sudr Formation and falls within planktonic foraminiferal zones CF7 through CF5. A transgressive systems tract (superbundle 2) marks a rise in relative sea level that resulted in the deposition of outer neritic hemipelagic chalk (Fig. 9) . These hemipelagic facies are characterized by an increase in the percentages of planktonic foraminifera (20.2e73.7%), resulting in the maximum diversity of globotruncanids and the deeper marine benthic foraminifer genus Bolivinoides, which suggest open ocean conditions (Table 1) . A similar trend was observed in the Tethys and South Atlantic (Li and Keller, 1988a,b) in Maastrichtian deposits. The overlying progradational highstand facies (superbundle 3 and 4) is indicated by a decrease in the planktonic percentages (73.7e20.7%). This is associated with a decrease in globotruncanids and deep benthic foraminiferal assemblages. The Lower/Upper Maastrichtian boundary is not easily recognized in the field, due to the lack of a physical boundary and the monotonous carbonate hemipelagic facies. The L/U Maastrichtian hiatus records the missing CF4 Zone and separates the upper regressive cycle occurring within the CF5 Zone from the overlying Upper Maastrichtian transgressive cycle occurring within the CF6 Zone. This event corresponds to the well-defined Mid-Maastrichtian event (MME) in the Gubbio curve and the previously identified gap in the Indian Ocean (ODP Hole 762C; Thibault et al., 2012b) .
Sequence C
Sequence C comprises the uppermost part of the Sudr Formation and occurs within planktonic foraminiferal zones CF3 through CF1. It is reduced in thickness from 90.6 to 96 m (superbundle 5; Fig. 9 ). The transgressive systems tract (TST) consists of bundle 17 and is characterized by high planktonic/benthic ratios, with high diversity benthic foraminiferal assemblages (B) indicating an outer neritic environment for this interval. The MFS coincides with the maximum abundance of planktonic foraminifera and marks the change from deepening-upward to shallowing-upward biofacies deposits. The overlying regressive deposits (HST; bundles 18 & 19) exhibit a clear drop in the planktonic/benthic (P/B) ratio. The increase in heterohelicids and non-keeled planktonic forms, combined with a very low abundance of globotruncanids (<1%) in the upper part of Zones CF2 and CF1, and benthic assemblages (A), reflect a decline in sea level (Table 1 ). A relative sea-level drop is recorded during the latest Maastrichtian in the global eustatic cycle charts of Haq et al. (1987) . At the Gebel Matulla section, the K/Pg boundary is characterized as missing the top part of the K/Pg event, the extinction of Cretaceous tropical planktonic foraminifera and an abrupt change in species richness, as recorded in several parts of Egypt. The K/Pg hiatus is recorded in several parts of Egypt, Tunisia, Libya, Negev and Jordan, as well as in several parts of the Arabian Shelf Luciani, 2002; Adatte et al., 2005; Alsharhan and Narin, 1995) . However, the duration of this hiatus is variable, resulting from a variation in regional deposition and erosion, depending upon location. This hiatus may be linked to tectonic activity and irregular palaeotopography associated with low sedimentation rates as suggested by Farouk and Faris (2008) .
Conclusions
A new planktonic foraminiferal biostratigraphy and calibrated d 13 C record from the Matulla section can be correlated to global Maastrichtian carbon cycle changes and global eustatic charts.
Comparison of the Maastrichtian planktonic foraminifera bioevents from the southern Tethyan margin with the Tercis les Bains GSSP, and Gubbio section and with ODP Hole 1210B revealed variations in the stratigraphic range of most Maastrichtian planktonic foraminiferal marker species. Most of these planktonic foraminiferal bio-events relate to globotruncanids and other keeled planktonic forms which show cold-water affinities and therefore appear early at mid-high latitudes, rather than in the warm waters of the Tethyan Province (Apthorpe, 1979; Braalower and Siesser, 1992; Wonders, 1992; Shafik, 1998; Petrizzo, 2000; Howe et al., 2003; Thibault et al., 2012a,b; Farouk and Faris, 2012) .
The LO of Rugoglobigerina hexacamerata is a useful datum for the identification of the base of the Maastrichtian Stage, since the defining criterion proposed at the Tercis les Bains GSSP section (LOs of Contusotruncana contusa and Rugoglobigerina scotti) are reported as too high in the present study and does not seem to be applicable in the southern Tethyan Province.
The sedimentary succession of the Maastrichtian Sudr Formation comprises basinal chalks and platform limestones which allow the identification of significant negative excursions within Maastrichtian d 13 C events, namely the CampanianeMaastrichtian Boundary Event (CMBE), the mid-Maastrichtian Event (MME), and the CretaceousePalaeogene Event (KPgE). Termination of these well known d 13 C events are associated with four unconformities which cover (1) the upper Santonian to upper Campanian; (2) the late CMBE; (3) the uppermost MME and large parts of the Upper Maastrichtian; and (4) the K/Pg boundary interval. Correlation with the global eustatic charts (Haq et al., 1987; Hardenbol et al., 1998; Li et al., 2000; Miller et al., 2005) shows a clear similarity, indicating that eustasy was the main control and a pulse of tectonic uplift affected the duration of these hiatus, which are characterized by lacking the significant terminal negative excursion of the Maastrichtian d 13 C events.
